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Introduction
Migration methods that use finite-difference of the one-way wave equation can handle arbitrary large veloeity contrasts but are only accurate up to a fixed dip angle even in a homogeneous region (Claerbout, 1985) . The phase-shift migration (Gazdag, 1978) Ristow and Riihl (1994) (Stoffa et al., 1990 Huang and Fehler, 1998) followed by a finitedifference scheme to accurately image structures with large lateral velocity contrasts. Some other Fourier transform based methods, such as the extended local Born Fourier (Huang et al., 1999b) , the extended local Rytov Fourier (Huang et al., 1999a) , and the quasi-Born Fourier (Huang and Fehler, 2000) methods, are more accurate than the SSF method, but they are less accurate than the FFD method for large lateral velocity contrasts. Another version of FFD (Xie and Wu, 1998) is based on the approximation of the square-root operator using the first order Pad6 approximation which is the same as Claerbout's 45°or Muir's Rz apaproximations (Claerbout, 1985) . It is less accurate than Ristow-Riihl's FFD method 
is accurate up to 90°but it requires a laterally homogeneous velocity model. A hybrid approach, termed the Fourier finite-difference (FFD) method proposed by

, has the advantage of both finite-difference and phaseshift methods. The FFD method uses a Taylor expansion of the square-root operator in the one-way wave equation and the expansion is recombined into a rational approximation. Its implementation uses the split-step Fourier (SSF) propagator
Expansion of Square-Root Operator
The one-way wave equation in the frequency-space domain is
where P is the pressure and the operator Q is defined by
where w is the circular frequency, v is the velocity, and R is the square-root operator given by
with
We expand the square-root operator R in the form 
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Therefore, equation (2) can be approximated by
The first two terms of this equation are accomplished using the split-step Fourier method and the third term is carried out using an implicit finite-difference scheme. 
Optimization
Thetwo coefficientsa and binequation (9)are obtained by minimizing the error of the approximate Q given by that equation. Reconsider a given velocity v in the following. From
Fig. 1: Comparison ofmaximum dipangIes versus thelateral velocity conlrastm for the SSF, PFFD,FFD, LOFFD, and GOFFD method. (a) is for m~~= 3 and (b) is for m~ax = 4. equations (2)--(4), (7), and (9), and making use of the transformation: -02 /&z2 u k~, we obtain the approximate operator Q in the frequency-wavenumber domain given by
where the superscript "app" in equations (10) and (11) From equation (5), we obtain the square-root operator in the frequency-wavenumber domain given by (14) which is exact when x = O, that is, 9 = 0°for propagation along z-axis. We choose equation (14) to be exact at two other angles 6$ and 62. Therefore, we have 1 -bx~( 15) (16) where RI =~~, R2 =~~, xl = sin91, X2 = sin$z. Solving equations (15) and (16) for a and b yields 
For a given model, the lateral velocity contrast m is bounded within [1, mmu] Figure 1a and Figure lb) 
